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(57) Abstract: The present invention provides a high gain collimator producing generally uniform intensity profiles for use in lithog- 
raphy and other applications. A focusing optic is also provided. The collimator includes a reflector and guide channel. The guide 
channel preferably includes polycapillary tubes and/or microchannel plates. The poly capillary tubes are used to collimate or focus 
the central portion of the x-ray beam in a circular, elliptic, square, or rectangular shape. A conical, parabolic resonance reflector 
or grazing incidence reflector with a shape similar to the polycapillary collimator is used to increase the solid angle collected and 
produce a circular, square, etc. annular y-ray beam whose inside dimensions are approximately equal to the exit dimensions of the 
polycapillary collimator. The annular beam shape, intensity profile and collimation angle is adjusted, if necessary, by an absorber, or 
polycapillary tubes to provide the desired intensity profile at the exit aperture of the hybrid x-ray colbmator optic. A focusing optic 
is obtained by placing two collimating optics end to end. 
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HIGH COLLECTION ANGLE SHORT WAVELENGTH RADIATION 
5 COLLIMATOR AND FOCUSING OPTIC 



10 

Field Of The Invention 

This invention relates to an apparatus and method for collecting emitted light, 
preferably in the x-ray emission spectrum. More particularly, this invention provides a 
collimator and focusing optic that can collect and direct emitted light, such as in short 
15 wavelength radiation lithography and non-lithography operations. 

Background Of The Invention 
In a generally known, x-ray lithography process, the baseline x-ray source is a 
synchrotron. The synchrotron ultimately produces a collimated x-ray beam from x-rays 
generated from an accelerated electron beam. When integrated with an advanced x-ray 
20 stepper, which includes a mask, resist and wafer such an apparatus, has produced sub-tenth 
micron transistor gates. Since the synchrotron can produce high power, and high wafer 
throughput has been possible. 

However, there are several disadvantages associated with the use of such a 
synchrotron based apparatus. For example, known synchotrons are very large, taking up a 
25 relatively large amount of space. They also are expensive. Generally the use of a number of 
steppers is necessary to make them cost effective. There has been some reluctance by 
industry to adopt a synchotron-based x-ray lithography process because of the high cost and 
time required to modify current factory designs to accommodate synchrotrons. 

In nonlithography applications, such as x-ray tomography, synchrotrons also have 
30 been used as the x-ray radiation source. As in x-ray lithography, the synchrotron suffers the 
disadvantages of high cost and inconvenience. A point x-ray source could be used, but a large 
collection angle collimator/ focusing optic is needed. 
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For these reasons and others, there is a need for an x-ray source that ear, be cost 
effectively used with a single stepper and is similar in size to the current advanced optical 
stepper hght sources, such as a deep ultraviolet excimer laser. Several attempts have been 
made to develop such a x-ray source including laser plasma, dense plasma focus, and electron 
5 beam systems. Although significant x-ray power can be generated from these x-ray point 
sources, they suffer a d 1S advantage in that the radiation is emitted into angles of 2n to 4* 
steradians. 

Various apparatus have been used to attempt to redirect a point source radiation 
emission field using x-ray optics to redirect x-rays emitted into a uniform intensity and 

10 colhmated beam. One example is a polycapillary glass tubes and another is a microchannel 
plate. Solid angles of 0.048 steradian of 1.1 nanometers laser-plasma radiation have been 
colhmated with polycapillary tubes and produced uniform intensities. However, these 
apparatus have collimated only a relatively small solid angle of the emitted x-ray field. There 
is a need for an apparatus that can collimate a greater portion of the x-rays emitted from such 

15 a point source and thereby more efficiently collect and collimate the available point-source 
radiation. 

The solid angle that can be collected and collimated also can be enhanced by using a 
grazing incidence x-ray reflector or a variable thickness x-ray resonance coatmg reflector 
Resonance coatings have been developed to increase the x-ray critical reflection angle and for 
20 1.1 nanometer radiation, solid angles of 0.21 steradians can be collimated. This solid angle is 
approximately four times greater than the polycapillary collimator alone. Collimation is 
ach,eved with a conical or parabolic reflector with a variable thickness multi-layer x-ray 
reflective coating. 

However, this apparatus suffers a disadvantage in that it does not achieve a highly 
25 colhmated x-ray beam in the region of the axis of the collimator. To achieve a highly 
collimated beam, a beam block typically is used in the central portion of the collimator and 
consequently a toroidal x-ray beam is produced. A further disadvantage of this apparatus is 
that dunng operation, the collimator must be scanned across the wafer to achieve uniform x- 
ray exposure on the wafer. Scanning is an added complication and reduces the efficiency of 
30 the process and increases the cost of the system. 

Accordingly, there is a need for an x-ray collimator that achieves a relatively high 
solid angle collimation and uniform intensity across the entire output aperture. 
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Summary Of The Invention 

The present invention alleviates to a great extent the disadvantages of the known 
apparatus and methods for collimating short wavelength light, such as radiation in the x-ray 
spectrum or light with wavelengths less than about 13 nanometers or other wavelengths that 
5 can be suitably reflected and collimated in accordance with the present invention. In 
particular, the present invention provides a high gain x-ray collimator producing a generally 
uniform intensity profile. In the present invention, a hybrid reflector (such as a grazing 
incidence reflector or resonance reflective optic) and guide channel (such as using 
polycapillary tubes or microchannel plates) is provided. This is of particular utility in x-ray 
10 lithography. A focusing optic is also provided for use in non-lithography applications, such 
as tomography, x-ray photoelectron spectroscopy, x-ray diffraction, x-ray microscopy and x- 
ray flourescence. 

The guide channel can be made of polycapillary tubes, microchannel plates or a 
combination of polycapillary tubes and microchannel plates. The guide channel collimates or 

15 focuses the central portion of the x-ray beam in a desired shape, such as circular, elliptic, 
square, or rectangular shape. The reflector can be made of any suitable reflective optic that 
can reflect the particular light (such as x-rays or ultraviolet) in the desired fashion. For 
example, parabolic resonance reflector with a shape similar to the polycapillary collimator is 
used to increase the solid angle collected and produce a circular, square, etc. annular x-ray 

20 beam whose inside dimensions are approximately equal to the exit dimensions of the 
polycapillary collimator. The annular beam shape, intensity profile and collimation angle is 
adjusted, if necessary, by an absorber, or polycapillary tubes to provide the desired intensity 
profile at the exit aperture of the hybrid x-ray collimator optic. 

The reflector may optionally be a focusing optic in order to focus the collimated light 

25 to a desired spot. For example, an elliptical profile can be used as a focusing optic; 
alternatively, a focusing optic is obtained by placing two generally parabolic reflector optics 
arranged end-to-end, although the reflector optics need not be identical. 

It is an advantage of the present invention is that the solid angle of the collected 
radiation is increased. Another advantage of the present invention is that the amount of 

30 collimated power delivered by the collimator is increased due to increasing the solid angle in 
which radiation is collected. A further advantage of the present invention is that the 
throughput of exposed wavers in an x-ray lithography process can be increased in that that 
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!r ,s h 8reater r'" mated ^ deiive,y md mat ,he — f » — ** *. condor is 

reduced because of Ihe greater power delivery. 

These and other features and advantages of the presen, invention wi„ be appreciated 
from review of the fo „owi„ g dcailed description of the invention, along „i,h 
5 accompanymg ftgures in which ,i k e reference numerals refer to „ k e parts thoughou, 

Brief n^r r tp (| 0 „ Q^jfa n r — f „ n 
FIG. , is a partial cros , sectiona| sjde v . ew Qf m embod . men( 

accordance with the present invention; 

F,G - 2 * ' " a " ial "oss-sectiona. side view of another embodimen, of a collimator in 
10 accordance with the present invenlion; 

FIG. 3 is a partial cross-sectiona, side view of an embodttnen, of a co.limator and 
foeustng op„c combination, in aecordance with the present tnven.ion; 

FIG. 4 is a partial eross-sectional end view of a eoUintator in accordance with the 
present invention; and 

" with the'' 0 ' 5 '" C ™'° nal SidE " eW rf » — , of a cohintator in aecordaoce 
with the present invention. 

D etailed IWintinn nf Tho inyentiop 

In accordance with the present invention, a system is provided for collating and 
optionally focusing light, such as preferably Kabt in th* v 
?n ™, i u , cicraoiy n gn t in the x-ray spectrum or light with 

20 w elengtita ,ess than about ,3 „_ . 0ther ^ • "* 

col mated or optional* focussed in accordaooe with dte presen, inventton, as we, o ong « 
*. -S . ts wtthin the relative or collimating ra „ ge of Ihe reflector or ^ ^ %Z 
descnptton, the tem, ^ win be used synonymously with the tent, ..radiation" ,„ refe t 
^ ,ha, are colhmated and,or focused in ,he presen, invention, for example 

25 ,he x-ray specntn, or ,„ wavelengths less titan about 13 nanometers. 
As illustrated in FIGS. 1-5 a sour™, in u 
provided The fl „ * ^ °* °' her *>•"<* » 

1 h % ^ SUCh - «» -d in an x-ray 

zr^r'Tdr't a p,asma n ^ - - **~ 

30 beam or pho,o„ beam. The source 10 emits Itgb, in the desired wavelength, ,„ the fig^ 
B-eemiUedhgh, is depicted diagxantmatically with arrows 20 
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Light, such as x-rays, emitted from the source 10 is collected by the collimator 30. 
The collimator includes a reflector apparatus 40 and a guide channel apparatus 50. 

The reflector serves to gather and reflect in a desired fashion the light 20 from the 
source 10 that is outside the guide channel 50, but still within the reflector 40, such in the 
5 region between the guide channel 50 and the reflector 40, as illustrated in FIGS. 1-3. Any 
suitable reflector can be used that can reflect the light 20 from the source 10. In the preferred 
embodiment, the reflector 40 is adapted to reflect x-rays. In one embodiment, a conical, 
parabolic resonance reflector or grazing incidence reflector with a shape similar to the guide 
channel 50 is used to increase the solid angle collected and produce a circular, square, etc. 

10 annular x-ray beam whose inside dimensions are approximately equal to the exit dimensions 
of the polycapillary collimator. It should be understood that any shaped reflector 40 (for 
example parabolic resonance reflector or grazing incidence reflector) can be used that can 
achieve collimating and/or focusing the portions of the incoming light that are received and 
reflected by it. The shape of the exit beam generated can be any shape and does not 

15 necessarily need to match the shape of the guide channel 50, although in the preferred 
embodiment, the exit beam from the reflector 40 does generally match that of the guide 
channel 50. In the preferred embodiment, a grazing incidence reflector or resonance 
reflective optic can be used as the reflector 40. The reflector 40 is shaped to reflect light into 
a collimated orientation. In operation, a portion of the incident light 20 hits the reflective 

20 inner surface 45 of the reflector 40 and is reflected in a more linear fashion, i.e. it is 
collimated. The collimated light exiting collimator 30 is illustrated with arrows 60 in FIG. 1. 
As illustrated, the exiting light 60 preferably has a substantially collimated profile. 

The output beam shape, intensity profile and/or collimation angle can be adjusted, if 
desired, using an absorber 65. For example, an absorber 65 positioned towards the exit end 

25 140 of the collimator 30 can adjust the intensity profile. In one embodiment, the intensity of 
the light exiting the collimator 30 close to the reflector 40 at the exit 140 is less intense than 
that slightly further away from the reflector 40 at the exit 140, but still outside the guide 
channel 50. Accordingly, in this embodiment, the light intensity gradually increases with 
distance from the reflector 40. In order to generate a flat intensity profile a graduated 

30 absorber may be used. In other words, the absorber 65 absorbs less light close to the reflector. 
The use of such an absorber 65 is particularly beneficial where it is desired to have a uniform 
intensity profile in the exiting light 60. 
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™ e SU '" e H— 50 serves «o gamer and transmit ,„ a collimated fashion 

hgh, 0 from the ..gh, source .0 that reaehes the beginning 70 of the guide channel 50 Any 
suttable gutde channe, 50 ean he used that gather the incotning hgh, 20 and .ransmi, i, in a 
co hmated fashton. ■„ the preferred embodiment, the guide channe, 50 is adapted ,o gather 
5 and transmt, x-rays. ,„ the preferred embodiment, p,ura, guide chamre, e,emen,s 80 are in the 
gu.de channe, 50. The guide channe, Cements 80 preferah,y include po,ycapi„ary tubes or 
mtcrochanne, p,a.es, or a combination of po,ycapi„ary tubes and microchanne, p,a,es are used 
m he gu ,de channe, apparatus 50. The guide channel cofltmates or focuses the centra, potion 

,0 1 7Z T: a desired shape ' such as circu,ar - ellip,ic - - -P* 

■ 0 The tndtvtdua, gutdc channe, Cements (i.e. po,ycapi„ary tubes and/or microchanne, p,a,es) 
are referenced with number 80 in the figures. The po,ycapi„a^ tubes or microchamte, p,a,es 
80 are anranged in any pattern to coHec, incoming Ugh, 80 and transmit i, ,o a desired 
locafion. The individual po,ycapi„ary ,ubes 80 width, ,he guide channe, 50 ean optional* he 
tapered such as having a changing width ovet lhe lengt „ of ^ ^ fe 

.5 polycaptllary tubes 80 can be monolithic such as by being bonded or melted together or 
formed wttMn a matrix. As i„„ sll a ted in FIG. ,, the hgh, 60 exifing the co„ima,„r 30 is 
collimated by the guide channel apparatus 50. 

In one embodiment, as il.usbated in FIG. ,, there is a gap 85 between fine guide 
channe, elements go (such as polycapiUaIy lubes or microchanne| ^ ^ ^ ^ ^ 

40. In ,h,s embodtment, a portion of the exit beam do comes from the reflector and a potion 

*om the gutde channe, 50. ,„ another embodtment, as i„us,rated ,„ FIG. 2, the Cement, 80 

of the gutde channe, 50 extend to the reflector 40. In ,h,s embodtment, the exit beam 60 
come, ft the guide channe , 5Q ^ operatjon> a ponion ^ jncoramg ^ ^ 

25 li t I''" 40 k " " ° r ^ ° f ^ 8Uide *— *—» — 
25 whtch are closer to the reflector 40 and onented ,o receive light reflected by the reflector 40 

Any geometry of the polycapiltay mbes or micrococci plates 80 can be used In the 
embodtment tllustratcd in FIG. 4, a ha,f of a generally souare css-seciona, arrangement of 
PO ycapfllary tubes 80 is provided. Alternatively, a circular arrangement can be used as 
indicated by arc 90 in FIG. 4. 



30 



One exemplary application of the collimator 30 of the present invention is in x-ray 
..urography or microlhhography. ,„ such lithography opcra „ ons ^ J 
extttng from the colltmator 30 ,s received by a mash/photoresis, on a wafer or other substrate 
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to be processed. In a typical embodiment, the collimated light 60 is directed using directing 
optics and/or focusing optics to a desired location. 

In an alternative embodiment, it is desired to focus the emitted light. This 
embodiment is illustrated in FIG. 3. In this embodiment, the reflector is shaped as a focusing 
5 optic and will be referred to as a " focusing optic 42". Any shape can be selected for the 
focusing optic 42, which will receive the incoming light and reflect it to a focus location 120. 
In one embodiment, a generally elliptical cross-sectional shape is used for the focusing optic 
42. In a preferred embodiment, the focusing optic 42 includes two generally parabolic 
reflectors 40 linearly arranged. In the embodiment where two reflectors 40 are used, the 

10 reflectors optionally may have the same profile, or alternatively may have different profiles. 
The upstream reflector portion 46 preferably has the same profile as the downstream reflector 
portion 48, resulting in a reflection of the light towards a focus point 120. Using a focusing 
optic 42 is of particular use in non-lithography applications, such as tomography, x-ray 
photoelectron spectroscopy, x-ray diffraction, x-ray microscopy and x-ray flourescence. 

15 It should be noted that, for ease of illustration and discussion, FIGS. 1-4 illustrate a 

cross-section of a top portion of collimators in accordance with the present invention. A full 
cross-section of the embodiment illustrated in FIG. 1 is shown in FIG. 5. 

In operation, incident light 20, such as x-rays, is received by the collimator, such as 
through an aperture 130. A portion of the incident light 20 is reflected off reflector 40 and 

20 exits via exit aperture 140. Another portion of the incident light 20 is received within and 
guided through the guide channel and exits via exit aperture 140. The intensity of the exiting 
light 60 can be adjusted such as by absorber 65, which preferably is positioned at or near the 
exit aperture 140. In the x-ray embodiment, the exit light can be used for x-ray lithography, 
such as in the manufacture of integrated circuits and other electronic components. 

25 Thus, it is seen that an apparatus and method for collimating light, such as x-rays or 

other wavelengths is provided. One skilled in the art will appreciate that the present invention 
can be practiced by other than the preferred embodiments, which are presented in this 
description for purposes of illustration and not limitation. It is noted that various equivalents 
for the particular embodiments discussed in this description may practice the invention as 

30 well. 
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CLAIMS 

What is claimed is: 

1 ■ A collimator comprising: 
a guide channel; and 
a reflector. 



2. A collator in accordance with claim 1 wherein said guide channel comprises 
10 a plurality of polycapillary tubes. 

3. A collimator in accordance with claim 1 wherein said guide channel comprises 
a plurality of polycapillary tubes. 

15 4. A collimator in accordance with claim 1 wherein said gu.de channel comprises 

at least one polycapillary tube and at least one microchannel plate. 

5. A focusing collimator comprising: 
a guide channel; and 
20 a focusing reflector optic. 

6- A method of collimating light in a collimator havmg an exit end, the method 
comprising: 

providing light to be collimated; 

25 reflecting ,„ a collimated fashion a portion of the light to be collhnated with a 

reflector; and 

collimating a portion of the light to be collimated with a guide channel- 
wherein a collimated light beam exits from said exit end of said collimator. 

30 u ? - meth ° d ° f Cl3im 6 Wherein gu"le channel comprises plural guide 

channel elements, light reflected by the reflector in said reflecting step is received by one or 
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more of said guide channel elements, and the collimated light beam exits from the guide 
channel elements substantially at said exit end of said collimator. 

8. The method of claim 6 wherein said collimated light is used in a process selected 
5 from a group consisting of lithography, microlithography, tomography, x-ray photoelectron 
spectroscopy, x-ray diffraction, x-ray microscopy and x-ray flourescence 



9 A method of lithography using collimated light from a collimator, the 
collimator having an exit end, the method comprising: 
1 0 providing light to be collimated; 

reflecting in a collimated fashion a portion of the light to be collimated with a 
reflector; and 

collimating a portion of the light to be collimated with a guide channel; 
wherein a collimated light beam exits from said exit end of said collimator and is 
1 5 reaches a mask and/or photoresist. 
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